Background 2 23 Current tools and strategies are not sufficient to reliably address threats and outbreaks of 24 arboviruses including Zika, dengue, chikungunya, and yellow fever. Hence there is a growing 25 public health challenge to identify the best new control tools to use against the vector Aedes 26 aegypti. In this study, we investigated Ae. aegypti sugar feeding strategies in Bamako, Mali, to 27 determine if this species can be controlled effectively using attractive toxic sugar baits (ATSB).
communis, branches of Lantana camara soiled with honeydew from the aphid Aphis gossypii, 154 and flowering Prosopis juliflora, Acacia macrostachya, Acacia salicina, Lantana camara, 155 Galphimia gracilis and Bougainvillia glabra. Other types of offered sugar source were 156 undamaged seedpods of Piliostigma reticulatum, infested P. reticulatum seedpods perforated by 8 160 branches of a target plant with stems in a beaker of distilled water, cut pieces of fruit (100 g), or 161 complete seed pods (100 g). Additional tests were conducted on Lantana camara branches 162 coated with ATSB solution (active ingredient: microencapsulated garlic oil) and ATSB offered 163 in bait stations (active ingredient: dinotefuran). The bait stations were experimental prototypes 164 with a thin protective membrane cover and were supplied from an ongoing Innovative Vector 165 Control Consortium (IVCC) project carried out by Westham Ltd., Tel Aviv Israel. 166 A 10% sucrose solution and water soaked-cotton swabs served as the control diet and 167 were made available in all cages. Each experiment was repeated 6 consecutive times. Mosquitoes 168 were killed with CO 2 and then either tested immediately for sugar by modified anthrone test or 169 frozen at −70ºC until anthrone tests could be performed. mm; the rainy period is May through September, with peak rain occurring in August/September.
192
The driest periods are late October through April. Specifically designed glue net traps (GNTs) [30] , were used to test attraction to plants. 204 Briefly, cut bottom halves of 1.5 L plastic bottles were set in the ground, with the margins 205 protruding to the surface, and filled with water. Dark green, rigid plastic netting, with mesh size 10 206 0.8 cm x 0.2 cm, was cut into 70 × 70 cm squares, rolled into cylinders, and each was put 207 vertically above one of the cut bottles with the water, fastened to the ground with pegs and fitted 208 with mesh covers. About 0.5 kg of test plant material was fixed in the center of a cylinder that 209 was then covered and coated externally with glue (Tangle Foot, Tel Aviv, Israel). The different 210 plant baits are listed in Table 2A and 2B. Controls were water-soaked sponges, empty traps, or 211 naked L. camara branches, sprayed with either 10% sucrose solution or ATSB solution used in 212 this study. Mosquitoes caught in the glue were removed, counted, and stored in 70% ethanol for 213 identification. Each morning of the 10 day monitoring period, the baits were replaced, cylinders 214 were repainted with glue, and trap locations were rotated to avoid location bias.
216
Timing of host-seeking and sugar-seeking activities in the field. The rhythm of the search for 217 blood meals was shown by the number of landing/biting events on human volunteers in the field, 218 in 30 min. intervals, for 18 hours (05:00 h to 23:00 h). This was done at 6 separate sites: 3 shady, 219 3 open and mosquitoes on volunteers from each group of sites were pooled and averaged.
220
Mosquitoes were collected with aspirators near the shady margins of the forest gallery with thick 221 undergrowth along the River Niger, and in open, sun-exposed grassland 30 m away from the 222 trees. The United States Environmental Protection Agency guidelines and protocols for the use 223 of human volunteers in landing catch experiments were carefully followed [36] . Three 224 volunteers, 2 males and 1 female, all professional entomologists/medics participated in this 225 study. As part of the consent process, the participants in all human trials were fully advised of 226 the nature and objectives of the test and the potential health risks from exposure to mosquito 227 bites. According to EPA regulations, they were required to avoid alcohol, caffeine, and fragrance 228 products (e.g., perfume, cologne, hairspray, lotion, etc.) during the entire test period. For the 11 229 tests, volunteers were wearing long trousers and long-sleeved shirts as protection against 230 mosquito bites. One leg of the trousers was rolled up to expose the skin used as the test area.
231
Volunteers were seated motionless in chairs with the exposed leg extended while observation, 232 counting and recording of mosquitoes was made by assistants. The distance between the 233 volunteers was 20 m and their locations were rotated through 9 stations every 30 min. to 234 eliminate positional bias.
235
The rhythm of activity in the search for sugar meals was observed in both shaded and 236 open areas by counting the catches of 9 GNTs in each type of area (18 total) baited with highly 237 attractive flowering P. juliflora branches in 30 min. intervals, for 18 hours (05:00 h to 23:00 h).
238
The baits were replaced by fresh branches at each time interval. Sweep-net and aspirator (battery powered vacuum aspirators, John W. Hock, Gainesville, FL) 251 catches for periods of 30 min. were also carried out in nearby vegetation. Captured mosquitoes 252 were put on ice or in cages immediately, and random subsamples were tested for sugar [35] . 253 Mosquito samples taken were either processed within 1 hour of collection or 6 hours after 254 collection to assess the rate of sugar digestion from the guts of the mosquitoes. This process is the study, and two treatments were applied at the sites to avoid a "wash off" effect. ATSB was sprayed mainly on broad-leafed shrubs, bushes, and small trees up to 1.5 m high.
274
Plants with flowers or fruit were not treated to minimize the impact on non-target organisms The percentage of Ae. aegypti with different amounts of sugar in the gut is reported in Table 3 . 312 The mosquitos were caught at 'sugar rich' and 'sugar poor' sites on human volunteers or with 313 sweep-nets in the vegetation. We totaled the number of sugar positive mosquitos in each (Table 1) . Survival of Ae. aegypti females with continuous access to different sugar sources 360 Of the different female groups fed exclusively for 31 days on one diet, the negative control group 361 of 100 starved and thirsty females died within 4 days. Mosquitoes survived for up to 6 days on 362 water alone and the provision of 10% sucrose solution allowed 68% survival of up to 31 days.
363
Among the plant diet series, the survival proportion by day 31 was the highest (85.89%) in the 364 group fed on P. juliflora whereas the lowest survival rate of 5.00% was in the group that 365 received intact seedpods of P. reticulatum (Fig 4A and 4B) . Timing of host-seeking and sugar-seeking activities in the field 385 In shady areas, the three volunteers caught an average 54.5 females and 4.6 males over 18 The attraction rate to a sugar source (traps baited with flowers of P. juliflora) in sunny 404 and shaded areas also exhibited two peaks as did the search for a host (Fig 5B) . In open areas, 405 the first smaller peak of female landings was just after sunrise and the second followed sunset. In caught in open sunny areas throughout the entire study period ( Fig 5B) . Fig 6A and 6B) . Catch  type  I  II  III  IV  I  II  III Classification of Ae. aegypti females or males with different quantities of sugar in the gut 429 showed that in 'sugar rich' environments, 60 to 90% of the sugar positive females caught on 430 volunteers had mostly small (class I) sugar quantities in the gut (Table 3) . Samples from 'sugar 431 rich' resting sites, contained various sugar quantities in similar proportions (classes I to IV). A 6 432 hour delay in testing for sugar caused the sugar contents in the gut to degrade, and thus the 433 reactions in the sugar testing to fall below classes III and IV. The sugar feeding status of 434 mosquitoes caught at the 'sugar poor' sites, on volunteers or in resting habitats, followed the 435 pattern observed for mosquitoes from the 'sugar rich' sites. Table 4 ). At the treated 'sugar poor' site, the mean of captured females on the last 447 day was 0.29 ±0.10 and at the 'sugar rich' site it was 3.20 ±0.43 ( Fig 7A and 7B , Table 4 ).
448
ATSB significantly reduced mean numbers of landing / biting female Ae. aegypti at both 'sugar In this study, we investigated the feeding of Ae. aegypti in the laboratory and in the field 465 on some natural sugar sources. We compared sugar feeding of the mosquitoes in urban 'sugar 466 poor' and 'sugar rich' habitats, and then tested the potential of mosquito control by ATSB in the 467 two different types of environments. necessarily mean high quality of meals. In the survival experiment, there was no link between 480 the 85.00% of females feeding on G. gracilis flowers within 24 hrs (Table 1 ) and the high (~ 481 50%) mortality in mosquitoes exposed to these flowers for 30 days (Fig 4A and 4B) . In this 482 context, it should be noted that the mosquitoes in the above experiments may have fed on a given 483 source of sugar because there was no alternative. It should also be noted that in the tight space of 484 50 X 50 cm cages, contact between the flying mosquitoes and the offered diet is presumably 485 inevitable, hence feeding is not necessarily the outcome of attraction.
486
The preference of sugar sources in nature is exhibited in the size of catches by baited 487 traps which show the relative attraction compared to other tested baits and in competition with 488 other environmental olfactory cues. An example of the difference between direct contact with a 489 sugar source in cages and the performance of a sugar source as an attractant is L. camara.
490
Overnight exposure to it in a cage resulted in 60.0 to 63.3% feeding (Table 1) but used as a bait 491 in the field, the low catch amounted to a mean of 1.3% to 3.6% females per trap (Table 2A) .
492
Such differences in attraction in laboratory versus field settings were noted and discussed in 493 early studies [15, 38, 39] . Some of these attractive baits were also highly attractive to An. gambiae The observation of peak times for searching for sugar meals, which are at dawn and dusk 499 ( Fig 5A and 5B) , are useful for obtaining maximal information on the sugar-feeding status of Ae. Theoretically, such variations can be interpreted as results of metabolic differences 523 between mosquito subpopulations. Otherwise, assuming that producing energy from blood meals 524 is general in Ae. aegypti, differences in the rates of blood and sugar feeding could be a response 525 dictated by the environment that is, according to the relative abundance of sources.
527
It was also concluded that the enhanced blood-feeding capability among older sugar-deprived 528 An. gambiae demonstrated the close association between sugar-feeding and blood-feeding 529 behavior [52]. Our results similarly portray dependence of the blood feeding drive on sugar 530 feeding. In catches on volunteers, the proportion of sugar positive females was similar in sugar 531 poor (68.37% class I, Table 3 ) and in sugar rich areas (60.32% class I, Table 3 ). On the other 532 hand, in sugar rich resting habitats, the quantity of class I sugar meals was 13.18% and 65.35% 533 were of classes III and IV. Moreover, their proportion was about 40% greater than in the sugar 534 poor resting habitats where 46.31% were of class I and 25.51% were of classes III and IV. These 535 results indicate that following feeding on larger sugar quantities in the relatively lush vegetation 536 of urban sugar rich habitats, mosquitoes were less interested in blood meals. Also, in the sugar 537 poor and sugar rich areas, the effect of ATSB treatments were manifested at similarly rapid rates 538 and the reduction of the mosquito population was to similar levels. In other words, mosquitoes 539 responded equally when the sugar bait (ATSB) was uniformly offered in both habitats. In both 540 experiments, the catch on volunteers and the results of ATSB treatment, it appears that the 541 intensity of the search for a host blood meal depends on the prevalence or scarcity of sugar meals 542 in different types of Ae. aegypti urban habitats.
543
Attractive Toxic Sugar Bait (ATSB) treatment applied in the sugar poor and sugar rich 544 areas caused a drastic reduction in Ae. aegypti approaches to volunteers in both environments.
545
The initial effect of ATSB was apparently somewhat delayed since there was a massive supply 546 of newly emerged mosquitoes. Later, high female mortality reduced the oviposition and the Ae. Ae. aegypti to the volunteers decreased from an average of 28.0 before treatment to 1.7 landings / 549 bites a week later (Fig 7A) . At the sugar poor sites, an average of 19.0 landings was reduced to 550 0.44 in the first week and these levels remained similarly low until the end of the experiment 551 ( Fig 7B) . The drastic effect of ATSB is comparable to the results obtained in Israel, Florida,
552
Morocco and Mali [28, 30, 33, [53] [54] [55] .
553
Since sugar is the only food source for male mosquitoes [15] , ATSB should be highly 554 effective against male Ae. aegypti but should also affect survival and fecundity of females as 555 well. Our data demonstrates that ATSB treatment can be highly effective against Ae. aegypti in 556 both sugar rich and sugar poor environments. ATSB was also highly effective against Ae. 
